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Abstract: In the last two decades, socio-economic changes in Europe have had a 
significant effect on land cover changes, but it is unclear how this has affected mountain 
areas. We focus on two mountain areas: the eastern Italian Alps and the Romanian 
Curvature Carpathians. We classified land cover from Earth observation data after 1989 by 
using applied remote sensing techniques. We also analyzed socio-economic data and 
conducted semi-structured interviews with local stakeholders. In Italy, most of the land 
conversion processes followed long-term trends. In Romania, they took off with the sudden 
political changes after 1989. In both areas, forest expansion was the biggest, but potentially 
not the most consequential change. More consequential changes were urbanization in Italy 
and small-scale deforestation in Romania, since both increased the risk of  
hydro-meteorological hazards. Stakeholders’ views were an added value to the spatial 
analysis and vice versa. For example, stakeholders’ explanations resolved the seeming 
contradiction of decreased economic activity and increased urbanization (Italian site), as a 
consequence of secondary home building. Furthermore, spatial analysis revealed that 
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urbanization in Romania was less significant with regard to consequences for the wider 
human-environment system than many stakeholders thought. 
Keywords: land cover changes; Alps; Carpathians; remote sensing; socio-economic change; 
interviews; perceptions; hydro-meteorological risk 
 
1. Introduction 
Throughout the centuries, European mountain areas have been shaped gradually by human 
activities, resulting in diverse landscapes. Then, the 20th century brought rapid socio-economic 
transformation. Thus, land use and land cover change are now intense in spatial and temporal terms, 
presenting a break to the long steadiness of landscape evolution [1]. Examples of sudden changes 
range from land abandonment after the collapse of the Soviet Union [2], substantial expansion of urban 
areas after the introduction of a market-based economy [3], to illegal logging due to warfare and 
corruption [4]. In mountains, we see a tremendous decline in agriculture, improved accessibility 
through new infrastructure and the increased development of recreational areas [5–7].  
These land cover changes can have strong impacts on human well-being on a broader scale, since 
mountains provide many services, e.g., water provision, agricultural production, hazard prevention and 
others [6,8,9]. One main concern is that land cover changes can lead to increased hazard risks, e.g., 
through local changes of the runoff dynamics [8,9]. Another important trend is that of land 
abandonment and natural reforestation in hilly and mountain areas, combined with the removal of 
riparian vegetation and urbanization in the valleys, contributing to habitat loss, lower biodiversity and 
a more homogenous mountain landscape [1,10,11].  
The strong link of mountain land cover change to human well-being has recently led to an increased 
interest of policy makers and planners in the causes and consequences of these changes [12]. 
Researchers call for increased efforts to monitor and analyze land cover changes, especially in areas 
affected by high rates of socio-economic changes [13]. 
The main goal of this study was to investigate land cover changes in two major European mountain 
areas: the mountain community of Gemonese, Canal del Ferro and Val Canale in the Italian Alps,  
and the Carpathians of Buzau County in Romania. The areas were selected due to their particular 
socio-economic trajectories since 1989 and their representativeness in terms of physical and 
biogeographic characteristics for the Alps and Carpathians, respectively. The Alps and the Carpathians 
are two major mountain areas in Europe. Here, the main European rivers originate, providing water 
and energy to a large portion of the European population. Both are acknowledged as major European 
biodiversity hotspots [14,15]. The Alps are considered to be one of the first tourist destinations, and 
here, tourism is a major economic factor [16]. In the Romanian Carpathians, tourism is still 
underdeveloped, however, with major potential [17].  
In general, there is more research on land use and cover changes in the Alps than in the Carpathians. 
Focusing on the Italian Alps, the research undertaken so far ranges from identifying changes to the 
forest cover [18], land abandonment [19], the main drivers of land cover change [11], the role of  
socio-economic and natural characteristics [7] and the consequences of land cover changes on 
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biodiversity [10]. However, there is a lack of research investigating the consequences for land cover of 
the significant socio-economic changes linked to the industrialization of Europe: migrations to the 
lowlands and the expansion of traffic routes due to mechanization [16,20]. Our Alpine study area lies 
in the Eastern Italian Alps, which have been experiencing the highest depopulation rates and decreases 
in economic activities in the last three decades [21].  
In the Carpathian region, research focuses on the abandonment of grasslands and cropland and the 
expansion of forests as the most widespread land cover changes [22–26]. Though more rapid in nature, 
these changes are in line with the long-term trends for all European mountain areas, including the  
Alps [27]. However, there is another interesting process that is particular to the Carpathian region: the 
increase in the quantity of (illegal) logging, as well as changes in the spatial pattern of the  
logging [28–32]. Processes like this are linked to the fall of Communism since 1989 and the expansion 
of the European Union in the years after 2000. Their effects on land cover and the related 
consequences are as yet understudied.  
For both case study areas, our main research interests were related to land cover changes as a 
possible result of sudden socio-economic changes. More importantly, we were interested in which land 
cover changes were most significant in terms of consequences to the environment and human 
activities. To map and analyze land cover changes, we used applied remote sensing techniques. To 
study the driving forces behind land cover changes more in depth, we performed a series of interviews 
with stakeholders and experts.  
2. Study Areas 
2.1. Gemona, Canal del Ferro and Val Canale 
The mountain community of Gemona, Canal del Ferro and Val Canale study lies in the autonomous 
region of Friuli Venezia Giulia in northeastern Italy on the border with Austria and Slovenia 
(46°30′25″N, 13°26′25″E, Figure 1). It covers an area of 1,148 km2 and consists of  
15 municipalities. It is situated between the Carnic and Julian Alps, which rise up to 2,754 m, in the 
discharge area of the river Fella, a major left-hand tributary of the Tagliamento River. The relative 
relief in the upland area is more than 1,500 m. The area is characterized by steep slopes and high 
precipitation levels; the Fella river catchment has a mean altitude of 1,140 m a.s.l. and an average 
mean precipitation of 1,920 mm [33]. The area consists mostly of limestone [34]. The area is 
seismically active and exposed to many natural hazards, among which are landslides, flash floods and 
debris flows [34]. In the past, the main river valley was defined by a mosaic of grasslands, settlements 
and forests. Today, it is intensely urbanized due to numerous pieces of infrastructure. Animal 
husbandry in the uplands is dominated by cattle. On the southern edge of the case study area begins the 
lowland Friulian plain, strongly altered due to urbanization and intensified large-scale agriculture in 
the decades after the Second World War. The total population of the area is 33,286 inhabitants, with 
only two settlements over 4,000 inhabitants (Tarvisio and Gemona del Friuli, the latter situated in the 
lowlands). The area is of high importance for Italy, serving as a communication and energy corridor to 
neighboring Austria and Slovenia. It is subject to numerous efforts of the regional and national 
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government to develop infrastructure and to mitigate risks. Interest for preserving the population and 
the landscape is high, also due to the growing touristic development. 
Figure 1. Locations of the study areas. The overview map adapted from [35]. 
 
2.2. Buzau Carpathians 
The Romanian site lies in Buzau County in the south-east of the country, bordering the counties of 
Brasov, Covasna, Prahova and Vrancea (45°25′18″N, 26°17′46″E, Figure 1). It is situated between the 
lower Subcarpathians and the higher Carpathians along the Buzau river valley and covers an area of 
1,127 km2. The Carpathians rise from 1,300 to 1,772 m, with a relative relief of 500 to 800 m. The 
mean altitude of the area is 896 m a.s.l., with the geology being represented mainly by deposits of 
Paleogene flysch. The yearly amount of precipitation in the area is between 630 and 700 mm. 
Landslides cover large areas in the case study site; in some parts, more than two-thirds of the total area 
[36]. The urbanization pattern is characterized by long settlements along the main Buzau river valley,  
also extending to side catchments. The total population of the area is 34,421 inhabitants; Nehoiu 
(11,355 inhabitants) and Patarlagele (7,831 inhabitants) are the biggest settlements. With a share of up 
to 40%, agriculture is an important part of the local economy; however, its share of the local and 
national economy is declining [37]. Subsistence farming evolved at the end of the 19th and the 
beginning of 20th century and is still important in the area [36]. It has gained importance after the 
collapse of socialism and the subsequent emergence of small plots following decollectivization [38]. 
Wood harvesting is another significant activity. The wood is mostly being exported and some used for 
fuel. Other notable activities in the area are mineral extraction (diatomite) and energy production (a 
water reservoir in Siriu). 
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3. Data and Methods 
3.1. Data  
For the Italian study area, more data were available than for the Romanian one. For the Italian area, 
we acquired land use maps for the years 1980 and 2000 [39]. To perform our analysis and to update 
the land use map for the most recent situation (2010), we used the following data: numeric regional 
technical maps, orthophoto images (latest for 2011), a 25-m resolution digital elevation model (DEM), 
erosion and landslide maps, building cadasters, local spatial plans and forest type maps [39]. We 
obtained municipal and regional socio-economic, agricultural and forestry statistics from the Italian 
statistics portal [40], from the atlas of mountain communities [21], the agricultural census [41] and the 
Friuli Venezia Giulia statistical yearbooks [42]. 
For the Romanian case study area, we acquired Landsat 5 images (path/row 183/28) for 1989 (18 
August), 2000 (5 June) and 2010 (12 August) from the United States Geological Survey [43]. We also 
obtained higher-resolution satellite images for the year 2010 [44]. For some localities (e.g., Nehoiu), 
we acquired local spatial plans and a detailed topographic map (1:5,000); otherwise, we used the 
1:10,000 topographic map, produced in the 1970s. These maps were used to digitize settlements, 
rivers, water bodies and specific agricultural land (such as orchards). We used a 25-m resolution DEM 
for Buzau County [45]. Municipal and regional statistics on socio-economic, land use and agricultural 
and forestry variables were obtained from the Romanian National Institute of Statistics and Buzau 
county statistics office [46]. 
The DEMs were resampled to the resolution of the land cover datasets (30 m). From the DEM, we 
derived the slope and aspect. The ground truth for training and accuracy assessment was primarily 
mapped from ancillary data: high-resolution orthophoto and satellite images. For the same purpose, we 
also performed fieldwork in both areas: in March, August and September of 2012 in Italy and July and 
September 2012, in Romania.  
In both areas, there were limitations to the accessibility of the data. The Italian area is affected by 
the economies in neighboring Slovenia and Carinthia in Austria, as well as Carnia and lowland Friuli 
in Italy. This is manifested in numerous landowners or farmers managing the area from neighboring 
regions and, therefore, not covered by accessible data. In the Romanian area, some of the data is 
incomplete or data from the local level is conflicting with data from the higher (national) level, which 
we assume is a consequence of the insecure and possibly chaotic institutional conditions in Romania 
after the year 1990. Furthermore, detailed data on land ownership is not accessible. 
3.2. Land Cover Mapping and Classification  
The discrepancy in data availability between the case study areas resulted in two different land 
cover mapping methods. The year 1989 was chosen as a baseline year for both areas in accordance 
with the stakeholders and to represent the situation before the intense socio-economic changes. For the 
Italian case study area, we updated existent 1980 and 2000 land use maps to improve the level of detail 
and to generate the 2010 map, using the above-mentioned ancillary data. All maps were updated by 
manual digitization and the integration of different datasets (e.g., land use and forest type map) in a 
GIS [47]. The land use maps were stratified into land cover maps, with a smaller number of classes  
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(7 instead of 15), to enable comparison with the Romanian case study area. For example, different 
forest types (deciduous, coniferous) were joined to a single forest class, with the same procedure being 
used for different agricultural, grassland, built up and water classes.  
For the Romanian area, we used a semi-automatic land cover classification procedure. First, we 
generated the most recent land cover map, using the 2010 Landsat image and ancillary data. We started 
with generating a forest/non-forest map by unsupervised clustering using Iterative Self-Organizing 
Data Analysis (ISODATA), resulting in 40 clusters. We classified the remaining areas as cultivated, 
grasslands, bare areas and other vegetation using supervised maximum likelihood classification, where 
training areas were digitized using visual assessment of satellite images, existing high-resolution data 
and field data. Urban (built-up) areas, roads and water were digitized manually, with cultivated areas 
being edited manually, as well, using the information from the census and topographic maps. 
Subsequently, we merged the individual classification maps (for particular classes). The 2010 map had 
a small number of clouds, which we masked, and then, later, digitized manually. We applied the same 
procedure for producing the 1989 land cover. Images were processed, co-registered (automatic tie 
points) and classified using the ENVI image analysis software [48]. Due to the spatial resolution of 
Landsat images and the nature of the possible expansion of settlements in this rural area (individual 
new objects), it was not possible to observe the changes of the settlements. Therefore, settlements, 
together with water bodies, were masked, as they were assumed to not have changed much in this area, 
an assumption, backed by municipal land use statistics. Areas where settlement expansion has been 
observed in the field or identified by stakeholders were digitized manually. The 2000 Landsat image 
was used to check the validity of the changes between 1989 and 2010 in the case of reforestation. For 
example, if an area covered by forest in 2010, had not been covered by forest in 2000, we manually 
edited it and classified it as “other vegetation”, as a forest cannot fully develop in this time. We applied 
a majority filter of 9 pixels to reduce the noise in the images.  
3.3. Land Cover Change Detection and Accuracy Assessment 
To analyze the land cover changes, we applied a post-classification comparison of land cover maps 
between the years 1989 and 2010. By generating difference maps, we were able to identify the major 
land cover change processes and the level of persistence through a cross-tabulation matrix [49]. After 
identifying the major land cover change processes in the area, we analyzed them in the context of 
topographic (slope classes and elevation) and spatial variables (distance to settlements). 
We assessed the accuracy and estimated the areas of change, using the procedures for post-classification 
change analysis accuracy assessment [50]. Assessments in both areas were based on an independent 
stratified random sample of 9 pixel sample units, visually interpreted using the previously mentioned 
satellite or orthophoto images. For both areas, we assessed the accuracy of the main observed land 
cover change categories that are described in the later chapters. We used 325 reference units, with 100 
and 75 units for the persistent forest and other areas and 50 units for each remaining change category. 
In the procedure, we calculated the error-adjusted area of each land cover change category, its 95% 
confidence interval and the user’s, producer’s and overall accuracy of the change map.  
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3.4. Identifying Driving Forces of Change 
To better understand the reasons and dynamics of land cover changes, as well as the related 
qualitative socio-economic aspects, we conducted 24 interviews with local and regional experts, 
stakeholders and researchers from both areas (Table 1). The objective of the interviews was to collect 
information on demographic, agricultural, forestry, economic, cultural and institutional, proximate and 
distant driving forces and consequences of land cover change. Interviews were performed in October 
and November 2012, in Italy, and July and September 2012, in Romania. The interviews were 
grounded on a review of local, regional and national policy documents on mountains, agriculture, 
forestry and the environment, as well as relevant scientific literature. The interview protocol included 
questions on the observed land cover changes, their possible consequences and importance, possible 
changes to the demography, agriculture, economy and tourism of the areas, the role of decision making 
on different levels (local, regional, national, etc.) and, also, the possible effects of external driving 
forces, such as global political changes. 
Table 1. List of interviewees. 
Level Interviewee Aspect of Change 
Municipal 
Mayor, Vice Mayor (2, I, R)  
Local historian (2, I, R)  
Forestry technician (3, I, R)  
Spatial planner (2, I, R)  
Officer for environmental protection (1, R)  
Technical officer, local emergency or fire department (2, I, R)  
Farmers (10, R)  
Researchers on human and physical geography (2, I, R) 
a, b, d  
a, b  
c, e  
c, d, e  
c, e  
e  
b, e  
a, d, e 
Regional 
Forestry officials (3, I, R)  
Geologist (1, I)  
Officials at regional civil protection agency (2, I, R)  
Officials at regional environmental agency (1, R)  
Researchers on rural economy and land cover change (2, I, R) 
b, c  
c, d  
e  
c, e  
a, b, d, e 
National Statistical officials (1, R) a, b, d 
Notes: I, Italian area; R, Romanian area; a, demographic changes; b, changes to agriculture, forestry; 
c, environmental (agriculture, forestry, risk) policy; d, economic development; e, consequences of land 
cover change. 
The results of the interviews were used in different ways to describe land cover changes in the 
analyzed areas. First, they were used to complement accessible socio-economic data and to describe 
possible interactions between land cover changes and socio-economic changes. Secondly, they were 
used to explain intangible driving forces or the ones not covered by accessible data, such as changes to 
policy. Moreover, the results were used to receive information about stakeholders’ perception on land 
cover changes. This is particularly important when trying to describe the significance of land cover 
changes. Furthermore, in this way, we were able to identify potential mismatches between our spatial 
analysis and stakeholders’ knowledge, resulting in improved knowledge on land cover changes in the 
analyzed areas, as opposed to only analyzing accessible socio-economic data.  
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4. Results 
In the following chapters, we first present the results of our remote sensing analysis: land cover 
maps and land cover changes since 1989. The results of the interviews follow where observed land 
cover changes are discussed in relation with socio-economic changes since 1989. Based on both  
remote sensing analysis and stakeholders’ interviews, we identified seven land cover classes (Table 2)  
and five conversions (Table 3).  
Table 2. Land cover class definitions. 
Land Cover Class 
Urban Built-up areas (structures, transport network) 
Cultivated Arable land and land covered by permanent crops (e.g., orchards) 
Forest 
Densely vegetated areas >1 ha (otherwise, “other vegetation”, as discussed 
with stakeholders) 
Grasslands Natural grasslands, pastures 
Other vegetation Riverine vegetation, vegetated area smaller than 1 ha, transitional shrubland 
Water Water courses and bodies 
Bare Open spaces with no vegetation, rocks, large river beds 
Table 3. Definitions and assumptions on land cover conversions. 
Conversions 
Urban expansion to built up 
Reforestation to forest 
Deforestation removal of forest 
Abandonment from cultivated to grasslands or “other vegetation” 
Remaining 
conversions 
All remaining conversions, mostly defined by geomorphologic processes and 
a consequent increase in bare areas (landslides, scree areas) 
4.1. Land Cover and Land Cover Changes 
In the Italian area, the plain is characterized by intensively cultivated and urban land. The foothills 
and slopes are mostly covered by forests, whereas grasslands dominate wider side valleys and areas 
above the tree line. Urban areas in the narrow Fella valley are present on alluvium fans and 
confluences of the main and side valleys (Figure 2). In 2010, most of the area was covered by forests 
(74.7%), bare surfaces (10.3%) and grasslands (8%) (Table 4). In terms of the change in area relative 
to the initial area of a particular land cover class, the most striking changes between 1989 and 2010 
were urban expansion, loss of grassland and loss of “other vegetation” (Table 4). Overall, 3.9% of the 
area changed since 1989. Neglecting the persistent bare and water areas, 4.4% of the remaining area 
changed. In terms of the area of a particular conversion relative to the total changed area, by far the 
biggest change can be attributed to reforestation, followed by urban expansion and deforestation 
(Table 5, Figure 3). The loss of grasslands on account of forest expansion is comparable with similar 
areas in the Italian Alps [11]. The expansion of urban areas, however, was rather exceptional, 
especially when taking into account depopulation and the abandonment of the area, as discussed later. 
Remaining land cover conversions are 45% defined by geomorphologic processes and a consequence 
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of the increase in bare areas (landslides, scree areas). In terms of the number of patches converted, 
urban expansion was the major land cover change, whereas the process of reforestation is characterized 
by the largest mean patch size. The processes of re- and de-forestation show variations in the 
distribution among the classes of slope, elevation and distance to settlements (Figure 4). There are also 
variations in the spatial distribution of other land cover changes; e.g., urban expansion occurred mainly 
in the main valley and in the lowlands (Figure 3). The overall accuracy for the change map is 91.7%, 
with high estimated accuracies for each land cover change category (Table 6). Nevertheless, the 
categories of urban expansion and deforestation might have been overestimated, as they are not within 
the margin of error (at a 95% confidence interval). Furthermore, the area covered by the process of 
forest expansion is characterized by a large uncertainty, as presented by the wide confidence interval 
of almost 45% of the adjusted area of forest expansion (Table 6). 
Figure 2. Classified land cover maps of the case study areas for 2010. 
 
In the Romanian case study area, the higher Carpathians are covered by forests with fragments of 
grasslands. In the lower Subcarpathians, the forest cover is much more fragmented and grasslands 
prevail in the landscape. The main Buzau river valley is characterized by urban areas and grassland; 
also, the majority of cultivated land is present in the flood plain (Figure 2). In 2010, forests cover most 
of the area (75.7%), followed by grasslands (19.4%) and urban areas (3.3%) (Table 4). In terms of the 
change in area relative to the initial area of a particular land cover class, most changes occurred to 
cultivated land, followed by “other vegetation” and grasslands. The high rate of abandonment of 
cultivated land after 1989 (−37.4%, Table 4) is not unusual; similar mountainous areas in Romania 
witnessed even higher abandonment rates [23]. In relative terms, 4.8% of the whole area has changed 
(Table 5). Most of the changes can be attributed to reforestation, followed by deforestation and the 
abandonment of agricultural areas (Figure 3). Re- and de-forestation show some similarities in the 
distribution among slope classes, however, varying in terms of elevation and distance to settlements 
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(Figure 4). Here, the majority of forest expansions occurred in higher altitudes, a consequence of 
grassland abandonment in these areas after 1989. Most of the deforestation occurred near the main 
Buzau valley (Figure 3). The overall accuracy of the change map is 89.2%. Despite being 
characterized by a high level of accuracy, the adjusted areas of forest expansion, deforestation and 
abandonment are associated with high uncertainties, as reflected by the wide margins of error. Taking 
into account these uncertainties, forest expansion could be between 2,714.8 and 5,247.8 ha, 
deforestation between 610.8 and 1,329 ha and abandonment between 516.7 and 928.7 ha (Table 6). 
Moreover, due to the lack of high-detail multi-temporal data and the nature of the data used (the spatial 
and temporal resolution of Landsat), our results might not take into account all land cover processes in 
the area. We suspect that some possibly substantial small-scale deforestation went unaccounted for. 
Furthermore, estimations of land abandonment could be problematic, as it is difficult to differentiate 
among particular land cover classes, e.g., between cultivated areas and grassland or bare areas. 
Table 4. Comparison of land cover changes in both case study areas. Changes are 
expressed as overall increases or decreases in the percent of areas covered by the particular 
land cover type (net changes). Swaps are defined as the total percent of pixels that have 
changed from or to the particular land cover type, ignoring the persistent areas of the land 
cover type (100% of persistent areas). The concept of swapping is being used to show the 
dynamics of each particular land cover class, more precisely, the amount of both gains and 
losses it has experienced. Therefore, it is not only focusing on net changes, but also describing 
the extent of possible change trends opposing the main trend of a net increase or decrease. 
Class 
Gemona, Canal del Ferro and Val Canale Buzau Carpathians 
Land Cover (km2) Land Cover Change (%) Land Cover (km2) Land Cover Change (%) 
1989 2010 Change Swaps 1989 2010 Change Swaps 
Urban 23.9 27.4 14.9 0 36.7 37.5 2.1 0 
Cultivated 27.7 26.9 −2.9 6.1 17.2 10.8 −37.4 37.4 
Forest 829.8 857.8 3.4 0.3 818.4 840.9 2.8 1.4 
Grassland 119.5 92.5 −22.6 25.8 234.7 218.9 −6.7 13.9 
Other vegetation 24.7 20.4 −17.4 23.1 8.7 7.8 −9.9 22 
Water 3.9 3.9 ~0 0 11.1 11.1 ~0 0 
Bare surfaces 118.9 119.6 0.7 1.8 0.5 0.5 ~0 ~0 
Table 5. Major land cover conversions (%). 
Conversion 
Gemona, Canal del Ferro and Val Canale Buzau Carpathians 
Proportion (%) No. of Patches Mean Patch Size (ha) Proportion (%) No. of Patches Mean Patch Size (ha) 
Total conversion 3.9/4.4 a (44.6 km2) 907 4.9 4.8 (52.8 km2) 1527 3.5 
Urban expansion 8.1 258 1.4 0.1 b b 
Reforestation 72.5 227 14.3 64.3 838 4.1 
Deforestation 5.8 75 1.5 21.9 332 2.8 
Abandonment 0.8 b b 13.5 142 5.0 
Remaining 12.8 347 3.2 0.2 215 1.0 
Notes: a, neglecting the persistent water and bare surfaces; b, few conversions were observed, either due to the spatial resolution of the 
data or the spatial scale of the process, and are counted in the “remaining” conversions. 
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Figure 3. Spatial distribution of land cover conversions between 1989 and 2010. See Table 4 
for the conversion definition and Table 6 for the estimations of the accuracy and areas. 
Remaining persistence and conversion present land cover persistence or conversion other 
than described by abandonment, deforestation, forest and urban expansion and  
forest persistence. 
 
Table 6. Accuracy assessment and estimation of areas with a margin of error at a 95% 
confidence interval for both land cover change maps (Figure 3). CI, confidence interval. 
Change 
category 
Classified Area 
(ha) 
Adjusted Area 
(ha) 
95% CI 
(ha) 
95% CI 
(%) 
User’s Accuracy 
(%) 
Producer’s 
Accuracy (%) 
Gemona, Canal del Ferro and Val Canale  
Rem. persistence 27,784.9 29,930.8 3,570.0 11.9 96.0 81.8 
Forest 
persistence 
81,442.1 79,977.6 4,020.9 5.0 95.0 91.3 
Forest expansion 3,234.3 3,736.8 1,674.2 44.8 88.0 97.8 
Deforestation 112.5 99.0 10.5 10.6 88.0 95.7 
Urban expansion 350.2 309.8 21.2 6.8 86.0 100.0 
Buzau Carpathians  
Rem. persistence 26,657.6 27,712.7 3,664.2 13.2 90.7 84.0 
Forest 
persistence 
80,678.9 78,884.0 3,413.5 4.3 96.0 92.3 
Forest expansion 3,435.8 3,981.3 1,266.5 31.8 84.0 85.7 
Deforestation 1,085.0 970.0 359.2 37.0 86.0 93.5 
Abandonment 715.0 722.7 206.0 28.5 82.0 95.3 
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Figure 4. Summary of major land cover changes in quintile classes of slope (a),  
elevation (b) and distance to settlements (c) and roads (d). The charts present the 
percentage of forest, grassland and other vegetation classes that changed (increased  
or decreased). 
 
4.2. Socio-Economic Changes  
Both areas experienced significant socio-economic changes in the last 20 years (Table 7). The 
demographic changes in both areas are characterized by a substantial decrease in population and an 
increase in the population-aging index. Furthermore, both witnessed a substantial decrease in 
agricultural activities, portrayed both by a decrease in employment in the sector, as well as in the 
number of livestock, especially sheep and goats. The decrease in sheep and goat populations in the 
analyzed areas since 1990 is around 40% above the average 23% decrease in the European Union [51].  
The Italian area used to be more commercially and strategically important due to its border location 
and had numerous customs, commercial and military zones. A significant part of its trade and transport 
activities diminished after the collapse of Yugoslavia in the year 1991 and even more after the entry of 
Austria and, later, Slovenia to the European Union, with the introduction of the Schengen regime. The 
majority of the army was withdrawn from the area, and commercial and customs zones were 
abandoned, accompanied by a breakdown of the local industry and mining activities. The area lost its 
role as an important trade and employment center in the wider region, even though it became better 
connected with the European highway and railroad network. Tourism activities, on the other side, 
witnessed an increase, as tourism became a more important part of the local economy. Even though 
wood processing witnessed an increase of activity in the area, forest harvesting declined by a third and 
is well below the allowed amount of forest harvesting. 
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Table 7. Socio-economic changes in the areas since 1989. 
Change Gemona, Canal del Ferro and Val Canale a Buzau Carpathians b 
Population 
Depopulation: −9.6% of whole area, −31% 
Pontebba, −21% Tarvisio, −17% Resia. 
Depopulation: −12.4% of whole area, −18% Gura 
Teghii, −17% Panatau. 
Aging index c 151.2 in 1990; 216.3 in 2010. 79.9 in 1990; 143.7 in 2010. 
Agricultural 
activities 
−36.6% of cattle, −39.2 of sheep and goats, 
−69.8% of farming associations,  
−26.5 of employees in agriculture d. 
−4.3% of cattle, −39.7% of sheep and goats, −12% of 
orchards, −32% of employees in agriculture and 
forestry. The collapse of agricultural associations and 
the emergence of subsistence farming (small fields  
and gardens). 
Forestry 
activities 
Wood harvest: −33% (currently 15%–20% of 
the annual increment) e. Employment in wood 
processing industry: +8.2%.  
Forest managed by state owned  
forestry associations. 
Wood harvest: +23% (currently around 45% of the 
annual increment and rising). Employment in wood 
processing industry: −66%. The emergence of private 
forestry associations. The end of the governmental 
reforestation program: annually 400–600 ha reforested 
before 1989 e. 
Industry and 
commerce 
Employment: −12% in trade, −21% in 
transport, storage and communications,  
−73% in mineral extraction. 
Employment: −39% in industry,  
−53% in mineral extraction. 
Tourism 
0.5% increase in employees. Substantial 
expansion of tourism and recreation areas and 
an increase of overnights. Organization of the 
Winter Universiade in 2003. 
−33% of employees. Individual tourist accommodations 
and a decrease in overnights. 
Infrastructure 
After 1989, completion of the infrastructural 
corridor: highway, high-speed railroad,  
high-voltage power line and gas pipeline. 
After 1989, neglected by governmental infrastructural 
plans. Regular reconstruction of national road and 
railroad due to landslides. 
Other Withdrawal of army from the area after 1991. 
Land restitution reforms: before 1989, nearly 100% of 
forests state owned. After the reforms, land returned to 
its former owners, resulting in 34.7% of forests in 
private ownership in 2011 f 
Notes: a, all statistics, collected on a municipal level from [40], if not stated otherwise; b, all statistics, collected on a 
municipal level from [46], if not stated otherwise; c, (population over 64/population under 15) × 100; d, [41];  
e, forestry officials, regional data; f, agricultural officials. 
The Romanian area witnessed socio-economic changes similar to the whole Carpathian region after 
the fall of communism: the fall of large-scale collective agricultural associations, the emergence of 
new land use policies and land ownership reforms, resulting in numerous new land owners [52,53]. 
Until the end of the 1980s, the area was subject to several governmental development and 
infrastructural plans. Examples of these are the water reservoir near Siriu in the northwest of the area, 
built for flood regulation, water storage for irrigation and energy production, and the reforestation 
plans, with the aim of reforesting the slopes in this landslide prone area and ensuring steady economic 
benefits from the forests. Since the 1990s, Romania has been expanding its traffic (motorways) and 
energy infrastructure; however, this area has been neglected by these plans. Furthermore, since 1989, 
the area has witnessed a collapse of industry, mineral extraction and wood processing activities, on one 
side, and a rapid increase in wood harvesting, on the other. 
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4.3. Stakeholders’ Perception of Land Cover Changes  
In the Italian area, the results of the stakeholders’ interviews were consistent with the findings of 
land cover mapping and classification (Table 8). Due to the multiple direct and indirect effects on the 
local economy, demography and land cover, the majority of stakeholders recognized as the most 
important change the completion of the infrastructural corridor through the valley, i.e., the highway,  
high-speed railroad, high-voltage power line and gas pipeline. For stakeholders at the regional level, 
the second most significant change was the expansion of forests. Stakeholders from the municipal level 
described a wide variety of significant changes, i.e., the expansion of settlements and recreational and 
sports facilities. The municipal authorities emphasized that before the legislation on risk zoning  
(law 267/1998, which clearly identified building constraints depending on risk levels), settlement 
expansion occurred also in areas at high risk of landslides, debris flows and flash floods. In fact, high 
risk areas, where houses were built before the law enforcement, experienced catastrophic 
consequences in terms of human casualties and financial damages in 2003 when several municipalities 
of the area were affected by numerous flash floods [34]. Besides the aspect of increased risk, 
settlement and infrastructural expansion changed the alpine landscape, as mentioned by researcher in 
the rural economy: 
Table 8. Summary of stakeholders’ perception of land cover changes in both areas. 
 Gemona, Canal del Ferro and Val Canale Buzau Carpathians 
Stakeholders’ Observations 
Major changes 
observed 
Forest and urban expansion Urban expansion 
Possible causes 
identified 
Forest expansion follows a long-term trend of 
agricultural abandonment, whereas urban 
expansion was caused by promoting economic 
activities, real estate investment and demand 
for secondary housing 
Rapid economic development of Romania in the last 
20 years, the increase in the well-being of the 
population and the demand for more housing and 
enterprise areas; chaotic dispersal as a result of 
legislative difficulties in the transition era 
Perception of land 
cover changes 
Associated with negative consequences due to 
landscape degradation and increased hydro-
meteorological risk 
Mostly positive, as the changes went hand-in-hand 
with economic development; recognized the increase 
in the hydro-meteorological risk 
Researchers’ Observations 
Major changes 
observed 
Forest and urban expansion Forest expansion and deforestation 
Comment on 
perceived changes 
Stakeholders’ observations in line with data 
Stakeholders mostly think that land cover changes 
observed by the researchers are not that significant, 
as they compare the region to other Romanian 
regions, where similar changes happened on a  
larger scale 
Perception of  
the consequences  
of land  
cover changes 
Stakeholders’ mostly aware of possible 
consequences of land cover changes 
Stakeholders’ minimize the possible negative 
consequences of deforestation, such as increased 
erosion and changes to landslide occurrence. They 
are aware of a possible higher risk, due to the 
increase in the value and number of the elements  
of risk 
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“New infrastructure, together with the abandonment of the old one (mostly still 
present) caused severe degradation of the alpine landscape of the area. Some parts of 
the valley, like near Pontebba, are almost devastated due to the dense network of 
infrastructure.”  
In the Romanian area, a few of the involved stakeholders identified deforestation among the most 
important land cover processes, as was revealed by our spatial data analysis (see Section 4.1 and Table 5). 
A usual explanation of the perceived irrelevance of this process was that the neighboring regions were 
more affected by it. As the rates and spatial pattern of deforestation after land ownership reforms in 
Romania vary in different regions [23,30,31], the process in Buzau County might be considered 
moderate by comparison. As reported by a representative of a privately owned forestry association: 
“Most illegal wood harvesting activities do not occur in the form of clear cuttings, with the majority of 
the clear cuts occurring in privately owned forests. Compared to other Romanian regions, large scale 
clear cuts have not reached alarming levels and mostly occur in the form of smaller patches.”  
Instead, the majority of stakeholders in Romania identified the increase of urban areas as most 
important, even though, in quantitative terms, our analysis observed it as relatively minor. This might 
be explained by their own focus on the process of obtaining building permits and dealing with the 
increasing demands of residents and investors, after Romania’s entry into the European Union. As 
reported by one of the interviewees: 
“Most of our time in the last 10 years has been spent on enabling the increase of 
economic activities and the well-being of the population. Expansion of urban areas 
was a consequence of this. I consider these changes as positive and most important, 
even though they might have some negative consequences. These changes have led to 
more funds for the local authorities, enabling the development of new activities.” 
(Spatial planner) 
Table 9 summarizes the results emerging from these discussions with local stakeholders in a 
qualitative way. The aim of the table is to capture, in relatively simple and immediate terms, the 
variability of land cover processes resulting from long- versus short-term trends. We identified the 
perceived position intuitively without quantitative evaluation. As “short-term”, we define conversions 
that were influenced mostly by recent socio-economic changes, while “long-term” refers to 
conversions following a trajectory specific for the case study for a longer time period than  
was analyzed. 
At first glance, conversions in Romania are predominately due to recent events, or classified as 
“short-term” (Table 9), with the exception of “reforestation”, which has a longer history than the other 
conversions, which were mostly spiked by the end of the communist regime in 1989. Most conversion 
trends in Italy have a longer history, with the exception of urbanization. Further stakeholder views 
together with why urbanization may be occurring despite factors otherwise indicating economic 
decline (see Table 7) will be discussed below. 
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Table 9. Land cover changes as defined as short- or long-term processes. This qualitative 
evaluation is based on the results of stakeholders’ interviews. Short-term changes were 
influenced mostly by recent socio-economic changes, whereas long-term ones describe 
changes specific for the case study for a longer time period than was analyzed. 
Land Cover Conversion Gemona, Canal del Ferro and Val Canale Buzau Carpathians 
Urban expansion Short-term Medium to long-term 
Reforestation Long-term Medium-term 
Deforestation Medium to long-term Short-term 
Land abandonment Long-term Short-term 
5. Discussion  
Drastic socio-economic changes since 1989 have had a significant effect on land cover changes in 
both areas. Even though the processes differ in spatial and relative terms between both case study 
areas, we could observe some surprising land cover processes, when relating them to socio-economic 
trends, especially depopulation in both areas. Examples of that are the significant increases of human 
influences in the form of urban expansion in Italy and deforestation in Romania. Further reasons 
behind these processes are discussed in this section.  
Despite the decline in population and economic activities, a notable expansion of the urban land 
cover occurred in the Italian case study area. This can be associated with an increase in infrastructural 
and real estate development since the end of the 1980s. Three factors worked together to result in 
urban expansion: policy-makers encouraging real estate building to promote economic activity and 
wellbeing in the area, people building real estate as a form of investment and people building 
secondary homes due to the region’s recreational and aesthetic value. In our area, all three factors were 
at work, while the last one, encouragement by policy-makers and real estate as investment, seem to 
have been dominant. As one interviewee stated: 
“Policy-makers in the last few decades promoted construction, due to its influence on 
other economic activities, and saw it as a way to increase the living standard. 
Construction firms were engaging in housing and infrastructure projects, resulting in 
a large number of empty objects and possibly over-dimensioned infrastructure. 
Moreover, the emergence of secondary homes did not occur solely due to the attractive 
landscape in the area, but also as it was endorsed as a good way to save money 
through real estate.” (Researcher in human geography) 
Two other changes in the Italian site are more intuitively consistent with the decline of population 
and economic activity: land abandonment and reforestation. Both started after the Second World War, 
starting at the higher elevation areas: until 1989 most of the grassland areas at higher elevations had 
already been reforested, resulting in the doubling of the forest cover since 1950, as explained by the 
forestry officials.  
At the same time, we identified deforestation as a minor land cover change process in the Italian 
area. According to our spatial analysis, 63.2% of this deforestation was due to the expansion of 
recreational areas (ski resorts) or energy infrastructure (gas pipelines, high voltage power lines), which 
occurred after 1989. Therefore, we attributed deforestation partly to the changes in the last 20 years. 
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In the Romanian area, the majority of land cover changes can be attributed to the sudden political 
changes and the consequent socio-economic and legislative difficulties. For example, after 1989, 
Romania introduced three land ownership reforms, where previously seized land is returned, with the 
247/2005 restitution law being the latest [37]. Whereas most of the agricultural land is now under 
private ownership, the majority of the forest is still owned by the government (Table 7). As the 
following quote implies, ownership changes are among the most significant causes of deforestation: 
“The Romanian forest code itself promotes sustainable forestry. The difficulties in its 
implementation and insufficient monitoring, together with the interplay between 
unemployment, poverty and chaotic land ownership legislation (three different 
reforms), lead to illegal logging.” (Private forestry official) 
Remaining land cover processes, such as land abandonment and consequential reforestation, are 
associated with the collapse of former agricultural associations, the evident decline of agricultural 
activities and the fragmented new land ownership pattern (Table 7). This made the management of the 
existent agricultural land nearly impossible, resulting in land abandonment and reforestation. On the 
other hand, the emergence of subsistence farms increased the pressure on slopes. This phenomenon, 
basically unknown to most European mountain areas, has been identified in the field, as the scale of 
the process (individual gardens and fields) prevents it from being identified by accessible data. 
Nevertheless, it is significant, as the potential side effects of steep slope farming are known to be 
severe (soil erosion, increased hazard occurrence) [54]. 
In both areas, the most extensive land cover change process was reforestation. It is well recognized 
in societies that experience economic development with urbanization and industrialization [55,56] and 
typical for European mountain areas. As summarized in Table 9, land cover change processes in Italy 
(except for urban expansion) were mostly following long-term trends, as opposed to Romania, where 
most of the processes can be attributed to socio-economic changes in the last 20 years, i.e., what we 
consider short term. Interviewees in both areas agreed that it is difficult to cope with and manage 
external influences. What is more, they argued that external influences are the prevailing cause behind 
the negative consequences of land cover change (e.g., landscape degradation, increased risk). 
Furthermore, for both study areas, the proportion of the area that changed (below 5%) might seem 
unimportant. Pontius et al. [49], however, noted that scientists should resist indicating the importance 
of land use/cover change processes solely due to their statistical importance. Therefore, we argue that 
the observed land cover changes are significant, when putting them into the context of changes to 
ecosystem services provisioning and the short analyzed time frame of a little over 20 years. Both case 
study areas are defined by complex physical-geographic characteristics, where deforestation and 
settlement expansion could have led to soil erosion and the increased occurrence or consequences of 
hydro-meteorological hazards, Moreover, land abandonment and forest expansion can have a 
significant effect on the landscape image and biodiversity of the areas. 
This study has shown how a brief analysis of land cover change might lead to ignoring processes of 
land cover change, which occur on a smaller spatial extent, that, however, have significant 
consequences. Furthermore, while some processes (e.g., forest expansion) might be following a  
long-term trend typical for European mountain areas, others might be experiencing a rapid change that 
can be attributed solely to the context of the case study area. We demonstrated how necessary it is to 
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recognize these particular processes of land cover change and to try to identify the possible driving 
forces behind them. Overall driving forces, such as depopulation and general economic development, 
are not enough to describe land cover changes, as they might result in contrasting and unanticipated 
results. Other driving forces, such as external investors (in real estate), political decisions on the 
national level (infrastructural projects), changes to policy (land ownership, forest management) and the 
uncertainty connected with all these driving forces might prevail, especially in a time of transition. 
What is more, these external driving forces are beyond the abilities of local decision makers to cope 
with the pressures to the land cover. This is especially important in mountain areas, as they have to deal 
with the possible negative consequences of these changes, for example, in the form of increased risk or 
degradation of the landscape.  
6. Conclusions  
Socio-economic changes in Europe after the end of the 1980s resulted in a variety of land cover 
changes in the Alps and the Carpathians. In relative terms, the most widespread land cover process in 
both of the analyzed mountain areas was the expansion of forest cover. The spatial and temporal rate 
of this long-term process is similar to most European mountain areas. This process goes along with the 
loss of important habitats for biodiversity, such as grasslands, and changes in traditional forms of 
agriculture, such as sheep and goat pastures. 
Other observed land cover changes show how local processes differ from general trends. The 
Eastern Italian Alps area witnessed a substantial expansion of urban areas, among others, due to 
secondary housing, tourism and traffic infrastructure. In the Romanian Carpathians, deforestation was 
identified as one of the most significant land cover change processes. Results in both areas pose new 
questions on the possible increase of risk to hydro-meteorological hazards due to the observed land 
cover changes. Another important potential consequence to the land cover changes includes soil 
degradation due to erosion. 
The complex relationship between socio-economic changes as driving forces, and land cover 
changes as a consequence, is difficult to describe and analyze. Therefore, different types of data and 
methods, i.e., quantitative remote sensing analysis and qualitative interviews, have been used and 
integrated. In this way, we were able to portray a broader picture of land cover changes in a time of 
intense socio-economic changes. The revealed mismatches between stakeholders’ perceptions and the 
results of spatial data analysis represent an added value to the spatial research results, particularly in 
answering the possible causes behind land cover changes and in understanding the importance of 
particular changes that seem relatively small, as, for example, in the Romanian site. 
It is a continuing challenge in studies of local land cover changes and socio-economic transitions to 
integrate all observations, in order to understand the driving forces of land cover changes in a more 
comprehensive and systematic way. From our experiences in both study areas, we suspect that a 
continuous, long-term and inclusive transdisciplinary process may best help define scientific questions 
and support politicians and decision makers in understanding and managing the expected land cover 
changes in European mountain areas. 
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